Abstract: Inequality in socioeconomic status (SES) is associated with an increased risk for the development of mental health problems. Here, we examined the association between socioeconomic status (SSS) and psychological distress, and measured gene expression signatures in peripheral blood leukocytes responsible for this association, in 129 healthy adults (27 males and 102 females, aged 44.0 ± 13.0 years) working in a private hospital in Japan. Depressive mood was assessed by Zung Selfrating Depression Scale (SDS). A multiple regression analysis adjusted for gender and age showed that subjective SSS was independently and negatively associated with SDS score. We next focused on 9 subjects who exhibited low SSS scores and 11 subjects with high SSS scores. Microarray analysis revealed that levels of 522 mRNAs were differentially expressed in periheral leukocytes between low and high-SSS groups. The differentially expressed genes were preferentially involved in cellular movement or inflammatory responses. Among them, mRNA levels of pro-platelet basic protein (PPBP) and solute carrier family 1 (glutamine transporter), member 7 The department of Pathophysiology, established and directed by Kazuhito Rokutan, PhD, focuses on the physiological responses associated with chronic or acute stress and stress-related diseases including depression. The current project is to find out the biological markers to gain insight into responses to a psychosocial stressor. Especially, the lab has worked on the comprehensive analysis of gene expression in human peripheral leukocytes to obtain a better understanding of stress responses.
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PUBLIC INTEREST STATEMENT
This study highlighted the impact of the socioeconomic status on psychological conditions of working adults. Recently, increasing evidence indicates that equality in socioeconomic status is associated with an increased risk for the development of mental health problems. In the current study, the subjective socioeconomic status (SSS) of 129 healthy adults (27 males and 102 females, aged 44.0 ± 13.0 years) working in a hospital in Japan are measured to classify the socioeconomic condition. The results investigate the relationship between SSS and psychological distress and show that perceptions of social disadvantage may be associated with altered inflammatory responses in peripheral blood leucocytes, which may increase the risk for mood disorders.
Introduction
Increasing evidence indicates that socioeconomic status (SES), including variables such as education, occupation, and income, is significantly associated with health problems. In England, the Whitehall II study demonstrated a significant association between socioeconomic position and mortality (Stringhini et al., 2010) . People with low SES suffer from higher morbidity rates of common diseases, including abdominal obesity (Schumann et al., 2011) , metabolic syndrome (Manuck, Phillips, Gianaros, Flory, & Muldoon, 2010) , hypertension (Grotto, Huerta, Grossman, & Sharabi, 2007; Singh, Sharma, Rastogi, Niaz, & Singh, 1997) , diabetes (Evans, Newton, Ruta, MacDonald, & Morris, 2000) , atherosclerosis (Velásquez et al., 2006) , and cardiovascular diseases (Muennig, Sohler, & Mahato, 2007) .
Mental health has also garnered increasing attention over the past decade because the risks of mental disorders are highly prevalent and have an enormous negative impact on daily performance and productivity, which can lead to suicide. An epidemiologic study has shown that persons with higher SES scores develop the fewer psychological health problems (Lorant et al., 2003) . Indeed, several reports indicate that low SES is a possible risk factor for major depression (Gavin et al., 2010; Lemstra et al., 2008; Sakurai, Kawakami, Yamaoka, Ishikawa, & Hashimoto, 2010) . In addition, low-SES groups may have increased chances to encounter stressful life events and chronic problems related to their low SES, such as poor education, unemployment, financial strain, and unhealthy dietary habits. Low SES has been suggested to cause psychological distress, including depressive mood and anxiety (Scott et al., 2014) . However, epidemiologic studies do not reveal the underlying physiological mechanisms of how low SES affects mental health.
In the current study, we focused on the psychophysiological significance of SES, measured using the subjective socioeconomic status (SSS) questionnaire. SSS is defined as an individual's perception of his/her own position in the social hierarchy (Jackman & Jackman, 1973) and regarded as an index of SES or social class. Since the measurement of SSS estimates an individual's self-evaluate ranking on the social hierarchy, several studies suggested that SSS reflects negative or positive perception of opportunities in life (Adler, Epel, Castellazzo, & Ickovics, 2000; Franzini & Fernandez-Esquer, 2006) . Therefore, SSS could not perfectly represent the SES, but it is rather used as one of the indicators of subjective situation of social stratification to complement measures of SES. Hoebel, Maske, Zeeb, and Lampert (2017) demonstrates that SSS are significantly correlated with objective SES and show a significant indirect association of SES with depressive symptoms as mediated through SSS. Increasing studies have shown that low SSS is associated with physical health problems, such as the common cold (Cohen et al., 2008) and obesity (Goodman et al., 2003) , as well as higher mortality (Kopp, Skrabski, Réthelyi, Kawachi, & Adler, 2004) . In addition, it has been indicated that low SSS is associated with poor mental health including depressive symptoms (Collins & Goldman, 2008; Demakakos, Nazroo, Breeze and Marmot, 2008; Honjo, Iso et al., 2014; Singh-Manoux, Marmot, & Adler, 2005) .
To examine how SSS is related to psychological conditions, such as anxiety and depressive moods, we analyzed gene expression profiles in peripheral blood leucocytes from healthy subjects working in a private hospital in Japan. We demonstrate that healthy hospital staffs with high depressive mood and a negative perception of SES possessed an altered expression of immune-or inflammatory-related genes in peripheral blood leucocytes.
Methods

Participants
The protocol and informed consent for the present study were approved by the Institutional Review Board of Tokushima University Hospital, Tokushima, Japan. This study was performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki. We recruited 129 subjects (27 males and 102 females, aged from 19 to 74 years) working in a private hospital in Gifu prefecture, Japan. After the experimental procedures were fully explained, informed consent was obtained from each subject in written format.
Self-report measurements
Anxiety was assessed using the Japanese version of the Spielberger's state-trait anxiety inventory (STAI) (Spielberger, 1971) . The reliability of this Japanese version has been established (Fukuda & Kobayashi, 1973) . Two parts of STAI serve to assess the degree of anxiety at a particular moment as a situation-dependent state (STAI-state) and the general tendency to be anxious as a personality trait (STAI-trait). Depressive symptoms were assessed using the Japanese version of the Zung selfrating depression scale (SDS) (Zung, 1965) . We collected these answer sheets and saliva and blood samples on the same day.
Subjective socioeconomic status
SSS was measured using the self-anchoring striving scale in the form of a 10-rung ladder, which is the most widely used indicator of SSS and has good reliability and validity (Cantril, 1950; Giatti et al., 2012; Singh-Manoux et al., 2005) . Participants were given the drawing of a 10-rung ladder and asked to think of this ladder as representing where they stand in society. At the top of the ladder (10) are the people who are best off. At the bottom (1) are the people who are worst off.
Sampling of blood and saliva
Venous blood (2.5 ml) was taken from each subject between 16:00 and 17:00 and immediately poured into PAXgene blood RNA tubes (Becton Dickinson, Franklin Lakes, NJ). After sufficient mixing, tubes were left standing for 2 h at room temperature, followed by storage at −80°C until analysis. Saliva was collected using Salivette (Sarstedt, Rommelsdorf, Germany) prior to the blood sampling as previously described (Kurokawa et al., 2010) . Collected saliva in the cotton swab was centrifuged at 2,000 g for 15 min at 4°C and stored at −80°C until analysis. Salivary cortisol levels were measured using a commercial enzyme immunoassay (EIA) kit (Ciron, Tokyo, Japan) following the manufacturer's instructions . Salivary cortisol levels were normalized by total salivary protein concentrations and expressed as pmol/mg protein.
Gene expression profiling in peripheral blood leukocytes
RNA was isolated using a PAXgene blood RNA kit (Qiagen, Hilden, Germany) according to the manufacturer's protocol. Contaminated DNA was removed using a DNase-kit (Qiagen). Purified RNA quality was assessed by an Agilent 2100 Bioanalyzer using an RNA 6000 Nano Labchip kit (Agilent Technologies, Santa Clara, CA, USA), and RNA samples with >8.5 RNA integrity number (RIN) were used for further measurements.
The RNA samples were subjected to gene expression analysis using a whole human genome microarray (4 × 44 k, Agilent Technologies) as previously described (Kuwano et al., 2011) . Microarray data were analyzed by GeneSpring 11.5.1 (Agilent Technologies). The functional pathways related to the set of differentially expressed genes were assessed using the ingenuity pathway analysis (IPA) 9.0 (http://www.ingenuity.com) (Honda et al., 2013; Kuwano et al., 2011) . The probability of a relationship between each biological function and the identified genes was calculated by Fisher's exact test. The level of significance was set at a p value of 0.05.
Real-time quantitative PCR (qPCR) validation
Total RNA (400 ng) from each sample was reverse-transcribed using a PrimeScript RT reagent Kit (Takara, Otsu, Japan). Target mRNA levels were measured using a SYBR Green Master Mix (Applied Biosystems) and specific primer sets (Supplementary Table S1 ). GAPDH mRNA was used as an internal control for normalization. qPCR was performed by an Applied Biosystems 7500 Real-time System (Applied Biosystems).
Statistical analysis
Data were analyzed using SPSS statistical software package version 22.0 (Chicago, IL, USA). Sex differences between 27 males and 102 females were analyzed by two-tailed Student's t-tests with α = 0.05 for questionnaires and salivary cortisol. Univariate correlations between SSS and state anxiety scores, depressive mood, salivary cortisol levels, or mRNA levels were analyzed by Pearson's correlation coefficients with α = 0.05. Next, multiple regression analyses were employed to examine the association between SSS and STAI-state, STAI-trait, or SDS (independent variable). Age, sex (male = 0, female = 1), and body mass index (BMI) were included in the models as potential confounders. The level of statistical significance for the multiple regression analysis was set at α = 0.05.
Results
Characteristics of participants
We recruited 129 hospital staff members (102 females and 27 males). Table 1 shows the characteristics of participants. Age and BMI of all subjects were 44.0 ± 13.0 (mean years ± SD, ranged from 19 to 74 years) and 21.7 ± 2.9 (ranged from 15.2 to 32.5), respectively. STAI and SDS scores are also shown in Table 1 . Mean scores of STAI-state, trait, and SDS were slightly higher than the respective diagnostic thresholds (<41 for STAI-state for males, <42 for STAI-state for females, <44 for STAI-trait for males, <45 for STAI-trait for females, and <40 for SDS) (Fukuda & Kobayashi, 1973; Nakazato & Shimonaka, 1989) . According to the questionnaires, 10.9% of the subjects presented severe anxious feelings and depressive mood. Taken together, our participants, especially females, seemed to be in 
Distribution of SSS scores
Among these participants, 72 subjects (16 males and 56 females) answered the SSS questionnaire ( Table 2 ). The distribution of SSS scores of all subjects is shown in Figure 1 . Their average was calculated to be 5.44 ± 1.80 (mean ± SD). Based on the distribution of SSS scores, we extracted 9 subjects with SSS ≤ 3 as a low-SSS group (41.1 ± 13.5 years old) and 11 subjects as a high-SSS group (SSS ≥ 8, 46.6 ± 9.6 years old) for gene expression analysis. There was no significant difference in age or BMI between the two groups.
Correlation between SSS and psychological measures
To examine whether SSS was associated with salivary cortisol levels and mental state (anxiety and depression), the correlation between SSS and STAI or SDS scores was analyzed using multiple regression analysis (Table 3) . SSS scores significantly and negatively correlated with SDS scores (β = −0.275, p = 0.030), but not with STAI scores or salivary cortisol levels, after adjustment for age. The interaction between SSS scores and BMI was not significant (β = −s0.034, p = 0.778) ( Table 3) . 
Changes in gene expression in peripheral blood leucocytes from low-and high-SSS groups
SSS was significantly correlated with the score of depressive mood in our subjects. To further investigate this issue, we selected 9 subjects with low SSS scores (low-SSS group; scores 1-3) and 11 subjects with high SSS scores (high-SSS group; scores 8-10), and examined changes in gene expression in peripheral blood leukocytes using a microarray. Microarray analysis showed that 18,861 probes had fluorescence intensities higher than a cut-off value of 20 among all samples. Unpaired t-tests with multiple testing correction and Tukey's post hoc tests revealed that the expression levels of 1,356 probes were differentially expressed between low-and high-SSS groups (p < 0.05). When the fold-change criterion was set at >1.25-fold in the mean expression level, 670 probes passed the criterion and corresponded to 522 annotated genes.
The differentially expressed genes were then subjected to the biofunctional pathway analysis using IPA. The top 5-scored canonical pathways and biological functions significantly (p < 0.05 by Fisher's exact test) modified by the 522 genes are shown in Figure 2 (A) and (B), respectively. The top 5-ranked canonical pathways involved according to altered genes were (1) EIF2 signaling (p = 2.90E-15), (2) Leukotriene biosynthesis (p = 4.80E-06), (3) γ-glutamyl cycle (p = 4.80E-06), (4) Regulation of eIF4 and p70S6 K signaling (p = 3.06E-05), and (5) IGF-1 signaling (p = 1.19E-04). The EIF2 signalingrelated genes were predominantly up-regulated (red) in the low-SSS group compared with the high-SSS group (Figure 2(C) ). Differentially expressed genes in the EIF2 signaling pathway are listed in Table 4 . The top 5-scored biofunctions were (1) Inflammatory response (p = 1.05E-10), (2) Cellular (Figure 2(B) ). These results suggest that the perception of SSS may preferentially up-regulate the expression of immune response-related genes in association with increased expression of a group of genes related to protein synthesis machinery.
When the fold-change criterion was set at >2.0-fold, five probes passed the criterion and corresponded to four annotated genes (pro-platelet basic protein (PPBP), solute carrier family 1 (glutamine transporter), member 7 (SLC1A7), caspase recruitment domain family member 9 (CARD9), and heterogeneous nuclear ribonucleoprotein U (HNRNPU). These genes were significantly up-regulated in the low-SSS group.
Validation of differentially expressed genes by qPCR
Next, we confirmed the microarray data using qPCR. The mRNA levels of the four genes (PPBP, SLC1A7, CARD9, and HNRNPU), which were prominently up-regulated in the low-SSS group, were measured in all 72 subjects who answered the SSS questionnaire. Among the four mRNAs, PPBP mRNA levels were significantly increased in the low-SSS group, compared with those in the high-SSS group (Figure 3(A) ). More importantly, multiple regression analysis for the association between SSS and gene expression levels showed that expression levels of both PPBP and SLC1A7 mRNAs were significantly and negatively correlated with SSS scores (β = −0.453, p = 3.26E-05 for PPBP; β = −0.252, p = 0.02 for SLC1A7) (Table 5, Figure 3(B) ).
Discussion
In this study, we demonstrated a significant association between subjective SSS and depressive mood in Japanese medical staffs. The subjects with low SSS scores represented relatively high SDS scores, suggesting that SSS may be one potential risk factor for psychological distress in our cohort.
Since individuals with depressed mood may have looked at their SSS more negatively, the utility of the data as a measure of SSS effects may be limited. Further study is needed to examine the direction of causality between development of depression and SSS.
Previous studies in the UK and USA suggested that SSS, an incorporated perception of SES, was associated with psychological distress among men and women (Adler, Koschorreck, & Rechenberg, 2008; Demakakos, Nazroo, Breeze and Marmot, 2008; Singh-Manoux et al., 2005) . Moreover, these studies showed that SSS was correlated with mental health independent of SES indicators such as education and income. Correlations between education or income and mental health have been reported in Japan (Honjo et al., 2006; Honjo, Kawakami et al., 2014b; Kagamimori, Gaina, & Nasermoaddeli, 2009) . Using a multiple logistic regression analysis of 574 men and 621 women, Sakurai et al. (2010) demonstrated that SSS was a stronger predictor of psychological distress than traditional measures of SES in the Japanese community.
Although genetic factors are involved in the development of mental disorders, environmental stressors also have a significant impact on psychological distress (Kessler, 1997) . Levels of stress have increased with growing social and economic disparity in recent decades, resulting in a rapid elevation in the prevalence of mental disorders (Kessler et al., 2003) . Increasing evidence shows the relationship between immune dysfunction and psychological distress. For example, chronic psychological stress changes the levels of inflammatory cytokines and influences host defense (Evans et al., 2005; Kamezaki, Katsuura, Kuwano, Tanahashi, & Rokutan, 2012; Koo & Duman, 2008) . Elevated levels of several cytokines including interleukin (IL)-1β, IL-6, and tumor necrosis factor α were reported in depressed patients and influenced the development of depressive symptoms (Dowlati et al., 2010; Hannestad, DellaGioia, & Bloch, 2011; Howren, Lamkin, & Suls, 2009) . Lower SSS also affected IL-6 responses to a laboratory stressor (Derry et al., 2013) . Recent studies have indicated that gene expression profiling of peripheral blood can be used as a biomarker for psychological disorders such as mood disorders (Le-Niculescu et al., 2009 ) and psychosis (Kurian et al., 2011) . The dysregulation of gene expression in response to psychological stress could be at least partly detectable in peripheral blood leukocytes (Honda et al., 2013; Kawai et al., 2007; Kurokawa et al., 2010) . The present microarray analysis showed that 522 genes were differentially expressed in peripheral blood leucocytes between the low-and high-SSS groups. The biofunctional analysis using IPA revealed that the 522 differentially expressed genes preferentially included immune responserelated genes, suggesting that stressful situations likely associated with the negative perception of SSS may have a significant impact on immune/inflammatory responses.
PPBP mRNA levels were significantly increased in the low-SSS group, and PPBP and SLC1A7 mRNA levels were significantly and negatively correlated with SSS scores. PPBP encodes pro-platelet basic protein/Nap-2, which is a chemoattractant that guides leukocytes to sites of vascular injury (Ghasemzadeh et al., 2013) . Experiments using mice showed that exposure to stress for longer periods of time increases levels of Ppbp (Stankiewicz et al., 2014) . SLC1A7 encodes a high affinity cationic amino acid transporter catalase-1 (CAT-1). At present, there is no report showing a relationship between catalase-1 and SSS. However, a recent study with CAT-1 transgenic mice has shown that catalase-1 functions as an oxidative stress-dependent pressor response to stressful stimuli such as aversive stressors (Rajapakse et al., 2014) . Psychological stress is involved in the pathogenesis of hypertension. It is possible to speculate that SLC1A7 mRNA levels may be altered by social factors that also influence SSS.
In conclusion, we re-confirmed that SSS is negatively correlated with scores of depressive mood in working adults in Japan, similar to other studies in Western countries. Moreover, we demonstrated that psychological distress alters expression of a group of genes related to immune/inflammatory responses in peripheral blood leukocytes. Our results further suggest that perceptions of social disadvantage may be associated with altered inflammatory responses, which may increase the risk for mood disorders. In addition, we identified the expression levels of PPBP and SLC1A7 in peripheral blood leukocytes as possible biomarkers which correlated with SSS-related mental distress.
